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By David G. Stone

INTRODUCTION

The accumulation of informatlon on the characteristics of controls
for high-speed airplanes has been rather rapid within recent months. In
the present paper sn attempt has been made to plece together some of
this recent informastion in a form that might indicate the types of con-
trols to be used adventageously on swept wings (both rigld and flexible),
methods and gadgets for balancing trailing-edge flaps, and the charac-
teristics of some all-moveble talls. '

CONTROLS ON WINGS

Flaps

Since in most swept-wing airplanes the roll control is incorporated
within the wing as traliling-edge flaps or spoilers, infarmation on the
best locations for effectiveness would be highly desirgble. Such infor-
mation has been obtained for flaps by both wind-tunnel and rocket-model
techniques (references 1 to 5). Figure 1 presents some data obtained
by the rocket-model technique reported in reference 1. These dats,
from a systematic test series, show for rigld wings the rolling effec-
tiveness Ehég! of 30-percent-chord flaps on & swept wing near zero
lift. The value of & in this paper signifies the deflection of the
alleron on each wing panel. An interesting point 1s that the inboard
half-span flap is the most effective of the partial-span flaps at high
subsonic and supersonic speeds. This fact 1s well-known but 1t must be
remembered that these data are for rigid wings that do not twist, hence,
show the decreased aerodynamic effectiveness of the outer panels of '
swept wings. The dashed-line curves illustrate the effect of reducing
the flsp chord to 15 percent. A reduction in effectiveness is shown,
as might be expected, for the half-span allerons in both the inbosard
and outboard cases. Calculetions for estimating control effectiveness
can be obtained only by basing such calculations on experimental data
whereby the effects of Mach number, aseroelasticlty, and so forth may be
included. Ideas for basing new methods of calculation may be obtained
from references 6, 7, and 8.
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The effect of géroelasticity upon the effectiveness of half-span
ailerons both outboard and ihboard is shown in figure 2. For these
rocket-model data shown, the wing with the outboard aileron and the
wing with the inboard aileron were of comparable stiffnesses, and were
reduced to the control effectiveness at sea level and 40,000 feet
altitude from the actual test conditions. For the outboerd aileron at
sea level, roll reversal occurs near M = 0.8 and remains negative at

supersonic speeds. At 40,000 feet the effectiveness is always positive

but becomes small at supersonic speeds. For .the inboard aileron at
sea-level conditions, rall reversal occurs near M = 1.1 and glves
near-zero effectiveness up toc M = 1.8. At 40,000 feet positive effec-
tiveness is obtained through the speed range. The rigidity of the wings,
for which these data are presented, would be sgimilar to that for normal
construction practices with no extra structural measures taken to
increase the twisting rigidity of the wing. Unless costly stiffening -
procedures are incorporated in the wing deslgn, the effects of eero-
elasticity on swept wings at low supersonic speeds make the future of
tralling-edge flaps for ailerons look questionable.

Another zero-1ift investigation of a swept wing with considerable
torsional rigidity ylelded information on how to overcome this d4iffi-
culty with aercelasticity through the use of spoiler-flap combinations.
Figure 3 presents rolling effectiveness data for a particular swept ’
wing with the relative merits of spoiler, flap, and the combination com-
pared for sea-level and altitude conditions. These data represent the
characteristics of wing and controls of an actual fighter asirplane.

For sea level, the allerons alone suffer roll reversal et M = 1.0, the
spoiler alone is the most effective at supersonic speeds, and the effec-
tiveness of the combinstion is reduced considerably by the twisting
actlon of the aileron. The relieving effects of altitude are shown on
the right. Here the ailerons alone d¢ not give roll reversal, hence
the spoller-aileron combingtion adde up to be the most effective.

Spoilers -

Inasmuch as spollers appear to give good roll control, a systematic
test series to determine effects of location, height, and so forth were
investigated by the rocket-model technique on the same wing as the
previous flap investigation. Figure L4 presents some of this information
as the helix angle pb/EV developed by spoilers of 5-percent locel-
chord height for full span, inboard and outboard partisl spans, and
qguarter-span outboard spen located at TO percent of the wing chord.
Note, that like the case for flaeps, the inboard location is the best for
partial-span spoilers. These spoiler data are not for rigid wings, but
the spoiler will not twist the wing as much as allerons. For example,
for the same rolling effectiveness pb/2V the spoiler produces about
one-third of the twisting moment produced by a flap-type alleron.
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The effect of spoiler height on the rolling effectiveness of this
swept wing and an unswept wing for full-span spollers is shown in fig-
ure 5. On the left of the figure for the straight wing, is the
plotted pb/EV versug spoller helght in fractlons of the local chord
for various Mach numbers. Test points were obtained at 1/2, 1, 2, and
5 percent heights and show the effectiveness to be quite nonlinesar with
projection, especially at transomic speeds. Also shown 1s the decreasing
effectiveness with increasing Mach number. On the right for the swept
wing, test points were obtained at 2 and 5 percent heights, and show
spoilers to be more effective than on the unswept wing sbove M = 0.95
because.of the sweep and the thinner section. .

- Tests of a full-span spoller on a low-aspect-ratlo swept wing in
the Langley 9- by l12-inch supersonic blowdown tunnel have shown the
effects of angle of attack and spoiler proJjection on spoiler rolling
effectiveness. Some of these dats for M =-1.41 and M = 1.96 are
shown in figure_6. The rolling-moment coefficients are reduced for the
spoiler deflected on one panel of the complete wing Including that area
within the fuselage. For the data shown, the full-spsn spoller wes
located at TS5 percent chord. The posltive h/c means the spoller was
deflected below the wing, and the negetive h/c means deflections out
of the top surface. Note that the spoiler 1s effective in producing
rolling moment whether deflected on the top or below the wing over the
angle-of-attack range tested. - At & Mach number of 1.96 the initial
values of C; are less for a glven deflection than at M = 1.4kl. Also.
the effectiveness of the upward deflected spoiler decreéses with
increasing angle of attack. Subsonic-speed tests in the Langley T-

by 10-foot tunnel of & similar simple spoiler on an aspect-ratio-4 swept
wing showed the same angle-of-attack effects and that the upward
deflected spoiler became 1lneffective near 16 of angle of attack (see
reference 9).

From the preceding date spollers sppear attractive as & roll control,
but there is a drag penalty for their use. An illustration of the drag
effects of the inboard half-span spoller deflected on one panel of the
145° swept wing is shown in figure 7. The bottom curve is the drag coef-
ficient of the wing alone, then the wing plus the 2-percent spoiler and
the 5-percent spoller heights. In eveluating these drag Increases, it
should be remembered that the 2-percent spoiler gives roll effectiveness
equivalent to a 50 alleron deflection. on a rigid wing, the spoller is
out but a short time, and favorable yawing moment 1s produced by the
deflection.
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BATANCING TRAILING-EDGE FLAPS

Flap-type controls will be included on future alrcraft; conse-
quently, the problem of reducing their hinge moments without reducing
the effectiveness is an ever recurring difficult problem. The staff of
the Langley 7- by 10=fooct tumnel has attacked this balancing problem
by investigating a variety of devices both old and new on a swept wing
mounted on the sidewall of the tunnel which glves data through a Mach
number of 1.  The. balancing methods to be presented are by noc means
optimum schemes because of the preliminary nature of the investigations
but do show which devices bear promise for reducing the hinge moments of
trailing-edge flaps. All deflections and hinge moments for flep-type °
controls were measured. perpendicular to the hinge line. . _

One of the o0ld balance schemes tried were tabs which are reported
in refererce 10. Results of this preliminary investigation are shown =
in figures 8. and 9. _Shown on figure 8 are the "inset” tab (the standard
tab arrangement), snd the "attached" tab where the tab hinge line is at
the flap trailing edge; and on figure 9, are the "detached" tab where
the tab hinge line is pearly a flap chord behind the trailing edge, and
a "detached linked" tab or "lifting tab" proposed by the Douglas Aircrsft
Company. The geometric data of the wing, flap, and tabs are listed on .
the figures. The data shown on the figures are the 1ift coefficient due
to flap deflection"CL8 for a tab deflection that glves zeroc hinge

moment due to deflection, the hinge-moment coefficient due to angle of
attack .Ch,» and the ratio of tab deflection to flap deflection to
obtain zero Ch8 The plain-flep data without tabs are shown for refer-
ence also.

The inset tab reduces the effectiveness of the flap considersbly at
transonic speeds, whereas the gttached tab does not. The inset tab and
the plain flap havé similar cha characteristics, but the attached tab

produces higher negative values of Cha which would ald in baslsncing
ailerons in rolling maneuvers. The tab deflection required for both

arrangements 1is In. the order of two to three times the’ fIap deflection
as shown in the botitom curves. .

Figure 9 shows the effect of placing the tab on an arm. Here the
detached tab gives slightly less effectiveness than the plain control,
where the detached linked tab increases the effectlveness. This comes-
about because the tab surface.deflects in the same direction as the flap
and a gearing arrangement within the wing converts this moment due to
1ift into a moment to halance the flap hinge moments. The detached tab
produces nesr-zero Chq’ and the detached link tsb produces large nega-

tlve values of Cha which for ailerons would be balsncing. The
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detached tab requires- deflections of l% ‘bo'l:L times the flap deflection,
where the linked tab requires more deflection, due to its area of about
half the detached tab. These results indlcate that teabs may be used to
balance controls and that such arrangements should'be investigated
further both statically and dynamically. )

Also several arrangements of overhanging balances and horns were
investigated by the T- by 10-foot tunnel staff on this same wing and
flsp. Some of this information, reported in references 11 and 12, is
shown in figures 10 and 1l.  Shown in figure 10 are the plain flap and
the blunt overhang with 50-percent balance areaj; and in figure 11 two
types of horn balances, a normal tip horn and paddle balances above and
below the wing ahead of the hinge line at the mid-span location. In
figure 10, then, the 1ift effectiveness of the flap Cry 1s reduced
some above M =-'1.0C by the blunt overhang. The blunt overhang produces
positive values of hinge moment due to angle of attack and has:decldedly
nonlinear hinge moments with deflectlion &s indicated by the two curves
for Chs at small deflections and large deflections. These data indi-

cate that it may be possible with some arrangement of overhang and con-
trol section shape to balance a flap for a given design. In flgure 11,
the horn and paddle balances change the 1ift effectiveness of the flap
slightly, increasing for the horn and decreasing for the paddles. Both
overbalance the flap in terms of angle of sttack as shown by the posi--
tive Cp, values with the paddles giving a more uniform variation at
transonic speeds. Both horn and paddle srrangements had a balancing
effect on hinge moment due to deflection as might be expected for balance
areas involved.

A new method of actuating flap controls by means of an aerodynamic
servo-vane control has been devised by Mr. W. H. Phillips of the Langley
Laboratory and reported in reference 13. This so-called servo-vane
control system is 1llustrated in figure 12. A movement of the control
stick causes the vanes, which are in & spanwise torgue tube, to project
from the surface of the wing as shown by the rear view of the wing at the
top of .the figure. Drag force on the vanes then causes the ‘tube to
rotate gbout an axis parallel to the control surface. Thils rotation,
through the gearing, causes rotation of the control surface so that when
the vanes blow back the control surface deflects in the same direction
a5 the projection of the vane. With such a system flap-type controls
mey be operated wlth a relatively small control force. The effectiveness
of this servo-vane system 1s shown as the incremental 1lift coefficient
et o = 0° due to a vane deflection resulting in 10° flap deflection as
compared with the Incremental 1ift coefficlent que to the flap alone
deflected 10°. These data from the 7 by 10 bump show the vane- or .
spoller-flap combilnation to be more effective then the flap alone. Shown
on the right are the flap angles resulting from deflection of the vanes
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at Mach numbers of 0.6, 0.9, and 1.0. These dats indicate & nonlinear
variation of flap deflection with vane angle at M = 0.6 and M = 0.9
and decrease 1n servo power of vane at M = 1.0. . )

ATIL-MOVABIE TATLS

Recent tests of missile configurstions by the rocket-model tech-
nique (references 14 and 15) have given dats on a 60° delta plan form
which may be Vviewed in the light that these results could apply as alr-
plane pltch controls whether all-movable_ or flap type. A comparison of
some of this information is shown in figure 13. Shown are an sll-
movable control, a large flap control, and an sll-movable tip control.
BShown on the left is the 1ift effectiveness of the controls CLG.' In

thinking of this CLg as 1ift produced (or required) on the tail,
indications are that an all-moveble tail would be required since Crg

is large for the all-movable surface (the solid line) as compared with
the flap and the movable tip. On the right are the hinge-moment-coeffi-
cilent characteristics of these controls. These date show that the all-
movable controls show promise of balancing ‘ott the hinge moments due to ™
both angle of attack and deflectlion, whereas the flap develops large
hinge moments; and increasing the flap area +to increase the effective-
ness would only aggravate the control problem. It is known that, at
larger angles of attack, the balancing of sll-movable deltas 1s not as
good, but by linking the flsp on to the all-movable surface adequate
balance characteristics may be obtained.

An example of combining the serodynamics of an all-movable tall
with that of a flap is the type of "flying tail" devised by the Grumman
Aircraft Engineering Company for the XF10F airplane. Figure 1k shows
rocket-model results of a tall-alone model of this free-floating tail.
The scheme of how the tall operates 1s shown on the right of the figure.
This entire configuration rotates freely about the pivot, and the con-
trol stick is directly conmnected to the bow plane or canard surface B¢
which is used for positioning the tail to various deflections & aerc-
dynamically. The main surface is equipped with g trailing-edge flap
which is linked as a leading-edge flap. For this test the flap deflec-
tion equalled the deflection of tail in the same direction. The pivot
point of the tall was such that without the flap the tail would be
unstable for the subsonic center-of-pressure location. The flap moment ’
supplies the balancing action at subsgonic speeds. At supersonic speeds
the center. of pressure moves over the pivot point, the flap loses some
effectiveness, and the tail is slightly more stable or stiff than et
subsonic speeds. Trim changes on this tail, then, do not affect the _
motion of the alrplane, only the stick force and position which are the’
result of the linked-flap moments on the canard trimming position. This
effect was found to be very small.
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The damping characteristics at two trim positions of this free-
floating tail are shown on the upper left of the figure as 'Cmé the

rate of change of pitching moment with rate of deflection. Note the -
very narrow region Just under M = 1.0 where the tail lacks damping in
pitch. It appears that a damper méy be adequate In overcoming this
singular lack of demping. On the lower left is shown the 1ift effec-
tiveness of the teail CLS' The value of CLS is alweys greater than 0.06

indicating good effectiveness through the speed range. The effective-
ness of the cenard or bow plane is shown as AS/AB., that is, the tail
deflection pexr: unit aerodynamic servo deflectlon. No variations

of Ab/Ab¢ were encountered over the speed range, which shows the front
surface to be adequate in trimming the tall. This type of tail needs
more investigating, inasmuch as there are many combinations of linkages,
gerodynamics, and downwash fields.

Another type of all-movable teil is one of swept plan form. If =
swept-wing plan form is adspted for an all-moveble tail the hinge moments
may be reduced considerably by sweeping the hinge line. This scheme is
shown in figure 15. Tests in the Langley 7 by 10 tunnel on the bump of
this swept wing with the hinge line normsl to the air stream (refer-
ence. 16) showed that the centers of pressure move outward as well as
rearvard with increasing eirspeed as-indicated by the dots on the sketch
of the wing plan form. It is seen that, if the hinge line were made to
lie along the outward movement of the centers of pressure, reduction in
hinge moments would be possible. Such & test was made on the T by
10 side.wall where the hinge line was swept 45. 6° end at 23.5 percent of
the chord. The results of the tests are shown on the upper left as a
plot of the total hinge-moment coefficient that results from s desired
tail 1ift coefficient of 0.4 for the cases of the swept and unswept -
hinge lines. The test points are actusl dsetse points and the falred lines
also indicate ebout how well these characteristics can be calculated
knowing the spanwise and chordwise center-of-pressure verlations. Note
that if both hinge lines are designed to give zero Cp at subsonic speeds
that because of the oubtward movement of the center of pressure the
swept hinge has considerably less hinge-moment coefficient at transonic
speeds than the unswept hinge line. This type of tail with & swept
hinge line appears to be & "natursl™ for the additlon of a linked tab
to compromise hinge moments at other tail 1ift coefficients, and needs
further investigation slong these- lines.

’ /
RESUME

To. sumnarize briefly, recent experimental results were presented
which indicated that:
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1. For partisl-span flsps the inboard location is the best for
ailerons, but the effectiveness is seriously reduced by aercelastlc
effects. . . S R T . o . T

2. Spollers appear as & promising means of roll control.

3. Plain flaps may be balanced without reducing the effectiveness —---
by means of tabs, horns, and spoller-flap combinations.-

L. All-moveble tails of delta and swept plan forms sppear particu-
larly promising both from the effectiveness and control-force standpoints.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronsutics L
Langley Field, Va. -
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Figure l.- Effect of spanwise location of flap-type allerons
on the rolling effectiveness of & rigid sweptback wing.
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Figure 2.~ Effect of aerocelasticity on the rolling effective-
ness of a sweptback wing with half-span outboard and
inboard flap~type ailercns.
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Figure 3.- Rolling effectiveness of flsp-type alleroms,
spoller, and spoiler-flap combinatlon for a particular
swept wing with increased torsional rigidity.
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Figure 4.- Effect of spanwise location of spoiler at 70 per-

cent chord on the rolling effectiveness of a sweptback
wing. : : : -
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Figure 5.- Effect of spoller height on the rolling effective-
ness of a straight and swept wing.
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Figure 6.- Effect of angle of attack on the rolling effective-
ness of a full-span spoiler on a low-aspect-retioc swept
wing at supersonic speeds.
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Figure 7.- Drag-coefficient characteristics of an inboard
half-span spoiler on a swept wing.
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Figure 8.- Effects of an inset and of an attached tab on the
aerodynamic characteristics of a full-span flap.

T 1 T o | T::’? T . T
8 4 10 haca

e



NACA RM I52A10 ' T e 15

po="==~-~____ /-DETAGHED LINKED
~ Dy
s o DETAGHED -NO TAB A3
(Ghs'o) ) 644010 L §
O- T - — FLAP W 75¢C
| N N, t 1
Op===r——=== ey
I~ .
Gha e 45°
s
-.01- 5t
55 =05
s  DETAGHED TAB ———
g_t
f I
- s
N A
( hg* )

DETACHED LINKED TAB —~-

g ¥ !

Figure 9.- Effecté of & detached and & detached linked tab on
the serodynamic characteristics of a full-span flap.
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Figure 10.- Effects of blunt overhang of 50-percent balance
area on the effectiveness and hinge-moment characteristics
of a full-span flap.
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Figure 11.- Effects of a horn and paddle balances on the

effectiveness and hlnge—moment characterlstics of a full-_
span flap.
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Figure 12.- Aerodynamic characteristics of a swept wing with
a flap operated by a series of servo-va.nes located. ahea.d. of
and geared to the flap. . -
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Figure 13.- Effectiveness and hinge-moment characteristics
of all-moveble, flap, and moveble-tip controls on a
60° delta wing. _
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Figure lh.-_Aerodynamic characteristics of an all-movable
free-floating tail that 1s positioned by a forward surface.
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Figure 15.- Effect of sweeping the hinge -line on the hinge-
moment characteristics of an all-movable tall of swept
plen form. ’
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